Experimental details of single crystal X-ray diffraction
The materials used in this study were CH 4 gas provided by Prax Air with 99.97 % certified purity, tetra-n-butylammonium bromide (TBAB) provided by Aldrich Chemical Company with 99 % certified purity, and water provided by EMD Chemicals Inc.
(WX0004).
The single crystals were formed in the high pressure cell having a glass cylinder. The cell was equipped with a pressure sensor. We injected 0.0061 mole fraction (0.099 in mass fraction) of aqueous TBAB solution to the cell. The residual air in the cell was once evacuated by a vacuum pump up to approximately 3 kPa, and the cell was charged and discharged with 1 MPa pressure of methane five times. We supplied methane gas to 2 MPa.
After the gas supply, the cell was immersed in the temperature-controlled bath, and kept steady. The bath temperature was maintained at 284.5 K during the single crystal growth.
After substantial amount of crystals grew, they were removed from the cell under below 240 K. The single crystal sample was selected and mounted on the X-ray diffractometer (Bruker Kappa APEX II CCD). The sample was kept below 250 K during the process. The crystal structure was solved by direct methods and refined by least-square refinement with the SHELX program.[9 in the context] All atoms except for hydrogen were refined to be anisotropic. The detail of the X-ray diffraction measurement was summarized in Table S1 . Reported in reference 7(a) in the main article.
Computational Methods
Molecular dynamics simulations are performed starting from the single crystal X-ray structure of the TBAB semiclathrate phase with incorporated CH 4 guests. The water proton positions in the semiclathrate phase are disordered and in these simulations proton positions are randomly chosen such that the ice rules are satisfied to the extent possible and the unit cell dipole moment is minimized. Some tolerance for Bjerrum defects is built into the MD procedure as water molecule can rotate to more stable configurations during the MD run.
The presence of the Br 
where  ij and  ij are the distance and energy parameters of the ij pair separated by a distance of r ij and q i and q j are the electrostatic point charges on the atoms. Water molecules of the clathrate were modeled using the TIP4P four-charge model, [S1] while the tetra-butylammonium and bromine ions were modeled with the general AMBER force field, [S2] and the force field for bromide by Canongia Lopes and Pádua.
[S3] The TseKlein-McDonald potential was chosen for methane [S4] helper guest molecules. The values for the parameters  ii and  ii for selected atom types are given in Table S1 . Potentials between unlike atoms are calculated using the standard combination rules,
Partial electrostatic charges on the atoms of the guest molecules were determined from charges from electrostatic potential grid (CHELPG) calculations [S5] with the Gaussian 98 suite of programs [S6] at the B3LYP/6-311++G(d,p) level of theory. The complete set of guest point charges and Lennard-Jones parameters are given in Table S3 .
Given the ionic nature of the environment, the use of polarizable force fields for water could be appropriate for the ionic clathrate hydrates. However, since we are modeling an intact ionic hydrate phase and not the ionic hydrate formation, and since our focus is on methane guest dynamics in the simulations, we believe our present force field is sufficient.
In a more detailed study of these materials in the future would use polarizable force fields.
Classical molecular dynamics simulations have been used to study clathrate hydrate phases for 30 years and have recently been extended to ionic clathrate hydrate phases. The Verlet leapfrog algorithm was used with a time step of 1 fs. Long-range electrostatic interactions were calculated using the Ewald summation method [S8] and all intermolecular interactions in the simulation box were calculated within a cut-off distance of R cutoff = 13.0 Å. All simulations were performed for a total time of 500 ps, with 10 ps of temperature scaled equilibration. Structural and dynamics parameters were extracted from the run times.
Temperatures of 100 (X-ray structure determination temperature), 200, and 250 K with ambient pressure were used in the simulations.
TABLE S3.
Atomic point charges and Lennard-Jones parameters for TIP4P water, atoms on tetra-n-butylammonium ion, bromine ions, and CH 4 guest molecules. 
